The S=0 bond lengths and the S=0 bond stretching frequencies characteristically change with changing ligand electronegativities in the XSO2Y sulphone series. Empirical relationships have been established between the S~0 bond length and the sum of the ligand electronegativities (xx + XY) an d a ls° between the mean stretching frequency and (xx + %Y)-These relationships may be used for estimating group electronegativities from geometrical and vibrational data or to predict bond lengths, bond angles and stretching frequencies from ligand electronegativities.
The S=0 bond lengths and the S=0 bond stretching frequencies characteristically change with changing ligand electronegativities in the XSO2Y sulphone series. Empirical relationships have been established between the S~0 bond length and the sum of the ligand electronegativities (xx + XY)
an d a ls° between the mean stretching frequency and (xx + %Y)-These relationships may be used for estimating group electronegativities from geometrical and vibrational data or to predict bond lengths, bond angles and stretching frequencies from ligand electronegativities.
Revised empirical correlation relationships between geometrical and vibrational parameters of a series of sulphone molecules have been communicated recently [1] . The predictive ability of these relationships has been demonstrated by the results of structure determinations of further sulphone molecules, viz. CC13S02C1 [2] , CF3S02C1 [3] , OCNSO2CI [4] , (CH2=CH)2S02 [5] ,
The importance of the ligand electronegativities of XS02Y sulphones on the vibrational frequencies and geometry of the S02 group has been recognized for a long time (see e.g. [6] ). As the ligands and their electronegativities change in the sulphone series, the corresponding S=0 bond lengths and 0=S=0 bond angles may differ up to 0.04 A and 5°, respectively. At the same time the oxygenoxygen non-bond distance is strikingly constant in the XS02Y sulphones as has been noted recently [7, 8] . The 0 ... 0 distances in XS02Y sulphones can be directly and accurately determined from the rotational spectra (cf. [8] ). The mean r(0...0) value from 9 microwave spectroscopic studies is 2.484 A (a = 0.004 A) [8] . The empirical relationship correlating r(S=0) and the bond angle 0=S=0 gives nearly the same predictions as yielded by the trigonometrical expression 0=S=0 = 2 arc sin [2.484/2r(S=0)] in which 2.484 A stands for r(0...0). This is demonstrated by Fig. 1 incorporating mostly electron diffraction results.
Although the correlation between ligand electronegativity and the geometrical variations seems to be obviously present, no empirical relationship can be established outright because of lack of group electronegativities. As is well known, while the electronegativity of an element is considered to be r(5=0), Ä a property of this element, the group electronegativity depends on the bond that the group forms. Thus, strictly speaking, there is a specific group electronegativity scale for the sulphone series. The idea to estimate a group electronegativity scale in the sulphone series on the basis of the geometrical, i.e. S=0 bond length, variations is attractive since accurate r(S=0) values have recently become available (see e.g. [8] ). These S=0 bond lengths were determined by gas electron diffraction and, accordingly, refer to free molecules.
An initial set of electronegativities was compiled for a few ligands, viz. F, CI, CF3, CC13, and CH3. The choice of the first two was obvious, while group electronegativities for the three CX3 ligands have been established by Hinze, Whitehead and Jaffe [9] , £cf3 3.29, xcci3 2.79, and £Ch3 2 -30. These values were consistent with the experience reported on the relative electronegativities of these five ligands in sulphones [10] and sulphoxides [11] (see also [12] ). The geometries of six sulphone molecules with various combinations of these ligands were recently determined. These initial data are given in Table 1 .
Because of the good experience with the empirical relationships between the S=0 bond lengths and S=0 bond stretching frequencies, and the available large body of vibrational data, it was decided to parallel the investigation of the correlation between the bond lengths and group electronegativities with another between the bond stretching frequencies and group electronegativities. Note that the correlation relationships between bond distances and vibrational frequencies (and also force constants The initial frequency data for 8 sulphone molecules with various combinations of the above mentioned ligands are also given in Table 1 .
CCl3S02Cl ö bs(CH3)2NS02Cl CH3SO2CI The following relationships were obtained by least-squares procedure, and are illustrated in Table 1 , the full line and dashed line are determined by the linear and second degree relationships described in the text. The second degree relationship is somewhat superior to the linear one within the interval covered by the initial data. However, the linear relationship is recommended for extrapolation. Table 1 , the full line and dashed line are determined by the linear and second degree relationships described in the text. The second degree relationship is somewhat superior to the linear one within the interval covered by the initial data. However, the linear relationship is recommended for extrapolation. These relationships were then used to estimate other group electronegativities on the basis of available S=0 bond lengths and bond stretching frequencies. The results are collected in Tables 2  and 3 . In addition to the usefulness of the group electronegativities, their tentative character should also be emphasized. Only some of the many possible sources of uncertainty are mentioned here. As was stated above, electronegativities of groups linked to identical molecular moieties are comparable in a strict sense. Thus even within the sulphone series the group electronegativities %x in the sulphonyl chloride series (XSO2CI) should be distinguished from the xx values in the sulphonyl fluoride series (XSO2F), etc. The experimental errors of the bond lengths and stretching frequencies should not be ignored. Zlr(S=0) = 0.005 A or Zli>(S=0) = 20 cm -1 changes the estimated electronegativities by about 0.5. The estimated experimental errors of the bond lengths are indicated in Table 2 and their respective influence in the estimated group electronegativities are also given. It is seen that the relatively large errors of some of the bond lengths render the corresponding estimated group electronegativities meaningless. Unfortunately, no comparable quantities of the experimental error are available for the frequencies. Thus the estimated % values should be treated especially carefully. Furthermore, the estimation procedure is somewhat influenced by the choice of the initial data (cf. Table 1) . It is true, however, that the emerging pattern of group electronegativities seems to be consistent with expectation and previous experience and thus the initial choice of data is probably fortunate. Finally, it should be remembered that all the bond lengths in our tables refer to free (vapour-phase) molecules while the stretching frequencies originate from spectra of liquidphase samples.
To summarize, the variations in the S = 0 bond lengths and bond stretching frequencies well parallel the changes in the ligand electronegativities in the sulphone series. Accordingly, group electronegativities can be estimated from the geometrical and vibrational parameters. The present results support earlier notions as regards the relative electronegativities of the CF3, CCI3, CH3 groups. Furthermore, they indicate the position of some other groups, notably the isocyanate and methoxy groups, on the electronegativity scale. The electronegativities of some of the important ligands follow the relationship:
It is also noted that the numerical £ values for some groups, e.g. OH, NH2, CÖHS, are very uncertain.
The empirical relationships established above can also be used to predict S=0 bond lengths and j>(S = 0)-values on the basis of the ligand electronegativities. As an illustration let us consider the S=0 bond lengths for some individual compounds [45] . Here we shall use the relationship r(S = 0) = (135.54 -£ *)/91.28 • Seppelt and Lentz [46] suggested that the ligands OSeFs and OTeFs are at least as electronegative as fluorine. Accordingly, the lengths of the S = 0 bonds in the SO2 groups of the following molecules can be predicted to take the values listed below, assuming 4.0 for the electronegativities of the ligands OSeFs and OTeF5.
The above relationship yields r(S = 0) = 1.419 A for sulphuryl chloride, SO2CI2. This value is somewhat larger than that reported from an earlier electron diffraction investigation [47] . However, it was suggested that error in the empirical background may have resulted in the determination of a too short S=0 distance in S02C12 ( [8] , cf. also [48] ). The bond length vs. stretching frequencies relationship predicted 1.420 Ä for r(S=0) [8] in complete agreement with the present prediction based on the ligand electronegativities. Thus an experimental reinvestigation of the sulphuryl chloride structure is warranted. Using the above relationship, the S = 0 bond length for some more sulphone molecules are predicted below. Predicted 0=S=0 bond angles are also listed as estimated from Figure 1 . The molecular geometry of none of these compounds has been determined yet. It is difficult of course to give a realistic uncertainty estimate for these predicted values. A change of 0.3 in ^ X' f°r example, corresponds to Ar = 0.003 A and then to A = 0.5°. The uncertainty in the electronegativity values should thus also be considered in addition to the approximate character of the empirical relationships themselves [49] .
